The sources of dissolved inorganic carbon (DIC) used to produce scleractinian coral skeletons are 19 not understood. Yet this knowledge is essential for understanding coral biomineralization and 20 assessing the potential impacts of ocean acidification on coral reefs. Here we use skeletal boron 21 geochemistry to reconstruct the DIC chemistry of the coral calcification fluid. We show that corals 22 concentrate DIC at the calcification site substantially above seawater values and that bicarbonate 23 contributes a significant amount of the DIC pool used to build the skeleton. Corals actively increase 24 the pH of the calcification fluid, decreasing the proportion of DIC present as CO 2 The DIC utilized to form the coral skeleton is derived from seawater and from an internal DIC 33 pool on the diffusion of CO 2 into the ECF. We find a strong positive correlation between ECF aragonite 131 saturation state and coral calcification rate ( Figure 5 ) although we note that the rate dependence in 132 coral is less than in aragonite inorganically precipitated at the same temperature i.e. doubling 133 aragonite saturation state increases precipitation by x 1.5 in coral and x 5 in synthetic aragonite 23 . 134 This is perhaps to be expected. Corals do not precipitate randomly but exert exquisite control over 135 both the sites of precipitation and crystal morphology 24 . 136
Abstract 18
The sources of dissolved inorganic carbon (DIC) used to produce scleractinian coral skeletons are 19 not understood. Yet this knowledge is essential for understanding coral biomineralization and 20 assessing the potential impacts of ocean acidification on coral reefs. Here we use skeletal boron 21 geochemistry to reconstruct the DIC chemistry of the coral calcification fluid. We show that corals 22 concentrate DIC at the calcification site substantially above seawater values and that bicarbonate 23 contributes a significant amount of the DIC pool used to build the skeleton. Corals actively increase 24 the pH of the calcification fluid, decreasing the proportion of DIC present as CO 2 The DIC utilized to form the coral skeleton is derived from seawater and from an internal DIC 33 pool 1, 4 . An active bicarbonate transporter has not been ruled out in coral, but dual radiolabelling 34 studies suggest that this is not the source of additional carbon 4 . The isotopically light carbon and 35 oxygen composition of coral skeletons suggests that molecular CO 2 may act as the source of 36 internal DIC 5 . Understanding the sources of skeletal carbon is key to the accurate prediction of the 37 effects of increasing [DIC] in seawater (ocean acidification) and for the correct interpretation of 38 δ 18 O and δ 13 C coral based palaeoenvironmental records. 39
We analysed the B/Ca and B isotope ratio (δ 11 B) of coral aragonite to reconstruct the DIC 40 chemistry of the coral ECF. Dissolved boron in seawater occurs primarily as boric acid, B(OH) 3 , 41 and borate, B(OH) 4 - , and speciation is controlled by ambient pH 6 . Borate is selectively incorporated 42 into aragonite 7 , presumably substituting for CO 3 2-in the lattice. There are no known active transport 43 mechanisms for boron in corals and we assume that dissolved boron is transported to the ECF in 44 seawater. Seawater transport to the ECF is a passive process 8 and as such the transport rate is likely 45 to be constant. At equilibrium, B(OH) 3 is enriched in 11 B compared to B(OH) 4 -9 , hence the δ 11 B of 46 coral aragonite reflects ECF pH. Skeletal [B] reflects both ECF pH and the concentration of the 47 DIC species competing with borate for inclusion in the carbonate 10 . 48
Passive diffusion of B(OH) 3 This experiment was designed to explore the response of ECF DIC chemistry to changes in 114 ECF pH and all the cultured colonies were grown (by asexual budding and division) from branches 115 of a single parent colony i.e. all colonies were genetically identical. We do not infer that the ECF 116 DIC chemistry of the cultured colonies is representative of this coral species in the field. We 117 coral is less than in aragonite inorganically precipitated at the same temperature i.e. doubling 133 aragonite saturation state increases precipitation by x 1.5 in coral and x 5 in synthetic aragonite 23 . 134
This is perhaps to be expected. Corals do not precipitate randomly but exert exquisite control over 135 both the sites of precipitation and crystal morphology 24 . 136
Our findings have implications for predicting the effects of ocean acidification on coral reefs. 137
Although the ECF pH gradient facilitates the diffusion of CO 2 into the calcification site we find that 138 ECF [CO 2 ] in all field corals is significantly below that of seawater. Ocean acidification decreases 139 seawater pH but increases seawater [DIC] and [CO 2 ]. Understanding how these changes will impact 140 both ECF pH and the diffusion of CO 2 into the coral ECF as a carbon concentration mechanism is 141 key to interpreting current ocean acidification studies and predicting the effects of future scenarios. 142
Methods 144

Sample processing 145
For further details of field sites and coral culturing procedures see 17, 22, 25, 26 . Cultured corals 146 were originally collected from the Gulf of Eilat and were maintained in seawater at ambient salinity 147 (40.6). Each culture experiment lasted for 5 days. Individual colonies were placed in flow through 148 coral chambers at the start of day 1 and ruthenium red dissolved in dimethyl sulfoxide solution 149
(DMSO) to a final concentration of 0.1% was added to the seawater supplied to the chambers at the 150 Modern field and cultured corals were living when collected/sacrificed. Specimens were 157 immersed in 3-4% sodium hypochlorate (I) solutions for ≥8 h with intermittent ultrasonic agitation 158 to remove organic contamination, then rinsed repeatedly in distilled water and dried. Skeletal strips 159 were sawn along the maximum growth axis of the field specimens, divided into 10-15 mmlengths 160 and fixed to 25 mm round thin sections. Branch ends of cultured corals were fixed into 25 mm 161 circular epoxy resin blocks (Epofix, Struers Ltd.). Sections and blocks were polished using silicon 162 carbide papers (up to 4000 grade, lubricated with water) and polishing alumina (0.05 µm, 163 suspended in water). Multiple SIMS analyses were evenly spaced across 1 year (Jarvis coral) and 2 164 years (both Hawaiian corals) of skeletal growth in the field corals. Annual growth bands were 165 identified from X-ray radiographs in the Hawaiian corals and from unpublished δ 
